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Team learning is cyclical and ongoing; changing team structures take time and are influenced by a specific team's challenges and desires (Ober, Yanowitz & Kantor, 1996) . Team learning is strengthened by making more of team members' private meaning structures accessible so that they can influence other team members, as well as making the collective meaning structures accessible so that they can be tested and altered (Dixon, 1994) . Adult learners typically engage in self-directed learning. For instance, adult learners tend to readily apply certain schemata or meaning systems composed of sets of beliefs or assumptions based on their experiences (Mezirow, 1981; Silverman & Casazza, 2000) . These schemata form filters through which new information is received and interpreted (Silverman & Casazza, 2000) . Equally important to experience are the expectations and agendas which adult learners bring to their learning experience (Rogers, 2002) . Adult learners become increasingly more self-directed when given appropriate learning tools, resources, experiences and encouragement (Brockett & Hiemstra, 1991) . Self-directed team learning brings together strategies from several educational streams, thereby allowing learners to meet their own individual learning needs and those of the team by being actively involved in critically analysing, reflecting on, and responding creatively to their situations (Hammond & Collins, 1991) . Thus self-directed team learning is not simply the sum of individual and team learning objectives. Self-directed team learning is made up of an amalgamation of individual and team objectives. The self-directed team in the air-traffic control environment is important. Considering that two or more air traffic controllers interact dynamically and interdependently within assigned specific roles, functions and responsibilities-they have to adapt continuously to each other to ensure the establishment of a safe, orderly and expeditious flow of air traffic (Barbarino & Isaac, 2000) . Research conducted by Smith-Jentsch, Zeisig, Cannon-Bowers & Salas, (1997) to determine the importance of teamwork in air traffic control, supports the notion that air traffic controllers demand and value effective teamwork.
Air traffic control teams and the individual members of the team are characterised by the level of competencies that they have, relative to what would be required to provide safe, orderly and effective air traffic control services. The design and development of air traffic control operational training and learning need to focus on specific deficiencies in existing and/or identified individual and/or team performances. Learning in this regard is evident in the performance of air traffic controllers with reference to their ability to anticipate events, solve problems fast and maintain a level of skilled performance/expertise with less effort (MacLeod, 2001) . the more strongly he/she believed in the importance of teamwork (Smith-Jentsch et al., 1997) . Self-directed work teams are multiskilled and team members are encouraged to continuously develop skills and knowledge (Irwin & Rocine, 1994) . They not only do the work, they also take on the management of the work (Williams, 2004) . There must be interdependence and joint responsibility for outputs if there is to be a self-directed work team (Williams, 2004) .
Continued Learning
Within an advanced technology and fast changing work environment the continuation training contribution can be qualified in terms of self-directed incremental learning and unlearning (Meyer, 1999) . Continuation training thus stimulates incremental learning (building upon existing knowledge and skills) and ensures that required unlearning takes place (obsolete knowledge is discarded to make room for something new). Self-directed learning, as a means to facilitate continuation training, ensures that real learning takes place in teams when team members learn from each other, learn from their achievements and mistakes, and continuously invest in learning optimization opportunities.
When reflecting upon the value of air traffic control continuation training it is observed that continuation training is an effective means to ensure the sustainability and survival of effective self-directed team learning and performance. Continuation training provides performance stability in an environment that is characterised by uncertainty, rapid change and the continuous pursuit of safety and excellence (Meyer, 1999) .
Goals of the Study
In this study we examined the nature, characteristics and impact of self-directed team learning in the air traffic control workplace. The primary focus of the study was on exploring the impact of self-directed team learning in an air traffic control environment. The collection and analysis of self-directed team learning data addressed the following questions: First, does self-directed team learning impact on the air traffic control work environment? Second, what is the nature of self-directed team learning impact on the air traffic control work environment?
Identifying and understanding the role of self-directed team learning within the scope of workplace performance, measuring dynamics and identifying and describing individual and collective (team) views, creating deeper understanding of primary and secondary modes of learning by self-directed teams, and understanding how a team sustains continued learning in the workplace served as focus areas.
Method

Mode of Inquiry
A mixed-method strategy was opted that combined quantitative and qualitative techniques and data analysis in order to add depth and detail to findings (McMillan & Schumacher, 2001; Swanson & Holton, 1997; Tashakkori & Teddlie, 1998) . A mixed-method approach allowed for the elaboration, enhancement, illustration and clarification of the results of one method with that of another (Tashakkori & Teddlie, 1998) . This mixed-method strategy is illustrated by the typology quan + QUAL. These abbreviations indicate that quantitative (quan) and qualitative (QUAL) methods were used. The upper case denotes the priority given to the qualitative orientation (Teddlie & Tashakkori, 2003) .
Participants and Setting
A convenience sample of 25 selected team members from three air traffic control centers (accessible population: ca. 500 air traffic controllers in South Africa) (25 respondents, males: 15, females: 10; years of experience: less than one year: five respondents; more than one year but less than three years: 11 respondents; more than three years: nine respondents) participated in the study. The air traffic control centers were comparable in terms of air traffic management structures, air traffic control disciplines and air traffic control rules and practices employed. These similarities allowed for comparison of intra-team, inter-team and consolidated results from both a qualitative and quantitative perspective.
Instruments and Procedure
Interviews and focus group discussions were used to collect the data with regard to what extent team members and teams observe or do not observe self-directed team performance and team learning practices identified in the literature review. Use of one-to-one interviews allowed us to construct everyday reality in the interview, whilst focus group interviews created opportunities for transactions between members themselves. One-to-one interviewers constructed data, whilst participants (focus group interviews) allowed researchers to explore the data still further (Miller & Dingwall, 1997) . Individual interviews specifically attempted to gain a deeper understanding of the role of the individual in the team learning initiative, levels of intentional and unintentional learning, contributions from other team members with reference to learning, and the impact/value of self-directed team learning. Focus groups provided access to: shared individual and team learning experiences; techniques used to learn; comments relating to the role of the team in terms of intentional and unintentional learning; value and contributions from different team members and team roles; and the perceived value of the learning focus.
Participants also completed the Self-directed Team Learning Questionnaire (Joubert, 2006) . The Self-directed Team Learning Questionnaire is a measure used to accumulate qualitative data such as descriptions of experiences from controllers and quantitative data that allowed for measurement of self-directed team performance data and self-directed team learning data. Self-directed team performance and self-directed team learning were thus identified and documented as subsidiary topics that related to the primary objective of this questionnaire. The Self-directed Team Learning Questionnaire (SDTLQ) allowed for categorical data, continuous data and intra-team and inter-team comparisons (Table 1) . Team performance activities allowed us to determine whether learning opportunities were found in defined team activities. Individual reflection presented an opportunity to investigate individual's reflective practices. It was considered to be important because reflection promotes self-awareness and social awareness, supports adult education principles, improves learning, links theory to practice, and stimulates self-and peer-evaluation. Teamwork performance measures allowed the researcher to identify indicators that the desired air traffic control operational and organisational outcome had been met. Team performance dynamics illustrated how learning was influenced by different team dynamics and individual differences. Individual learning preferences indicated how situational influences and team learning initiatives were influenced by different behaviours. Learning participation created an opportunity to identify initiative(s) that provided work performance information/feedback for personal self-evaluation. Indi-vidual workplace learning orientation allowed us to determine to what extent effective self-directed adult learning was linked to an external locus of control that favoured dependency. Workplace training evaluation identified those role players that assumed responsibility for workplace training evaluation. In the case of operational training characteristics, adaptability and shared mental models were considered to be key requirements for the members of an air traffic control team. Continuation training characteristics provided us with a different view relating to self-directed team learning. Defined continuation training characteristics were investigated in this case. Workplace learning environment investigated whether functional self-directed adult learning environments were dependent upon intentional/formal and/or unintentional/informal learning interventions. Team learning facilitation identified how team learning was influenced by defined interfaces.
Participants also completed the Learning Approaches Questionnaire: LAQ (Schaap, 2000) . The LAQ is a measure of learning strategies and the situational nature of learning. This questionnaire allows for measurement of learning approaches in terms of learning content, consisting of deep approaches, achievement approaches, surface approaches and self-efficacy (Table 2) . It also integrates dependent, independent, cooperative and competitive learning approaches in terms of social orientations. Alpha-reliability coefficients calculated for the LAQ illustrated acceptable reliability (varying between 0.744 and 0.928). Reliability statistics confirm acceptable reliability coefficients for all LAQ dimensions.
Data Analysis
Qualitative data analysis followed an inductive reasoning mode and quantitative data analysis followed a supporting deductive reasoning mode. An abstract descriptive synthesis of the data emerged as a result of the inductive analysis approach utilized. A technique of comparing and contrasting, as suggested by McMillan and Schumacher (2001) was used to identify segments that emanated from individual interviews and focus group interview data.
Questions asked during individual interviews were: (1) Explain with the aid of examples how teamwork influences the outcome of the air traffic control service provided by your centre? This question allowed the team members to explain how self-directed teams plan learning, use resources to learn, and what learning strategies were employed; (2) Explain with the aid of examples how learning from air traffic control teamwork experiences influences your own performance? This question created an opportunity to determine individual practices and consequences achieved, as a result of continued evaluation of learning goals, learning activities, personal demands and concerns, and perceptions; and (3) Explain with the aid of examples how learning from experience influences air traffic control teamwork? This question allowed for an assessment of dynamics, associated with self-managed work team activities and workplace learning, in the air traffic control environment.
Questions asked during group interviews were: (1) What can a team member, joining the air traffic control team, expect from the team? Responses allowed for an assessment of teamwork skills, the team's ability to share knowledge and the team members' attitude; (2) How is individual and collective learning Exploring the Impact of Self-directed Team Learning 137 Note. Schaap (2000) planned and executed at your air traffic control centre? This question provided an opportunity to determine whether collective mental models were also explained by investigating outcomes associated with self-directed team learning (including the cognitive, affective and connotative outcomes and associated communication forms); and (3) How can air traffic control team learning at your centre be improved? Data were organized; evaluated and categorized for informational adequacy, credibility, and usefulness. We subsequently looked for, and recorded, plausible explanations and interpretations. Identified segments were presented as key descriptive terms, subcategories and categories that addressed: 1. team performance; 2. team learning; and 3. continued learning.
We triangulated data to add to the richness of understanding data (Flick, 1998) . Because the Shapiro-Wilks tests for normality suggested a normal distribution for the differences for each team, two-sided Student t-tests were used to test the null hypothesis that the mean difference between Self-directed Team Performance (SDPM) and Self-directed Team Learning (SDLM) equaled zero against the alternative that the mean difference was unequal to zero.
Written permission was obtained from the relevant authorities and from the persons who participated, and the assurance was given that no individual would be identified. For the sake of confidentiality, all information that could identify an individual was disguised or omitted. Ethical measures to ensure the research participants' well-being were implemented throughout the study. The questionnaires were administered and interviews conducted during 2006. Table 3 presents the descriptive statistics for differences between self-directed team learning and self-directed team performance scores (means, p-values, and effect size). Table 4 presents correlations between certain learning approaches (considering learning content and social orientations when learning) and certain self-directed team results (considering self-directed team performance and self-directed team learning). Table 5 presents ANOVA and post hoc comparisons between the three teams regarding continuation training.
Results
Team Performance Effects
Team Learning Effects
Continued Learning Effects
Discussion
As can be seen from Table 3 , for teams 1 and 3, the null hypothesis (which stated that no difference existed between the pair of variables tested) was rejected (p < .05). However, this was not the case for team 2. A relationship existed between self-directed team learning and self-directed team performance for Teams 1 and 3. In team 1, a cooperative interdependent learning approach within a social learning orientation was found that supported self-directed performance and learning. In the case of team 3, a positive relationship was demonstrated between a deep learning approach and an independent learning approach. These were found to be supportive of self-directed team performance and self-directed team learning. The findings in Table 3 suggest that some air traffic controllers valued effective self-directed teamwork that led to desired air traffic control operational outcomes. A summary of self-directed air traffic control team performance impact indicators as SDTLQ measures of teamwork activities and performance reflection highlighted these teams' shared professionalism in upholding and safeguarding air traffic control standards and processes in continuous pursuit of aviation safety objectives as well as employment of self-directed learning routines (see also Cannon-Bowers, Salas & Converse, 1993; Smith-Jentsch et al., 1997) .
These data suggest that supportive learning approaches sustained self-directed team learning and enhanced self-directed team performances. Statistical significant correlations (Table 4) between certain learning approaches (considering learning content and social orientations when learning) and certain self-directed team results (considering self-directed team performance and self-directed team learning) were valuable and supportive of qualitative findings. The findings in Table 4 suggest that formal/intentional continuation training practices were used by air traffic control teams to address task-specific knowledge, skills and attitudes in a similar and cooperative manner. Impact indicators related to these formal air traffic control continuation training activities were explored in terms of contributions to continued aided learning and situational awareness in support of air traffic control knowledge, skills and attitudes. These air traffic control continuation training results were found to be not fully aligned to the views of Smith-Jentsch, Kaigar, Salas & Cannon-Bowers (1999) and Salas, Bowers and Edens (2001) due to a perceived partial exclusion of human factors content from continuation training. It was also found that continuation training was managed generally in a formal/intentional manner, Note. * Statistically significant at the 5% level of significance; ** These three teams represented the different air traffic control centers while informal continuation training practices and associated impact were less obvious. ANOVA and post hoc comparisons indicate no statistically significant differences between the three teams regarding continuation training (CT) ( Table 5) . Thus one should not use continuation training (CT) to distinguish between the three teams (see Table 5 ).
Qualitative results supportive of quantitative analysis emphasise that self-directed teamwork and associated self-directed team learning inspired professional competence required to achieve air traffic control operational outcomes. In addition relationships found between teams' learning approaches and self-directed team performances were supportive of self-directed team learning. Self-directed learning emerged as individual and integrated formal and informal learning events and experiences. Informal learning, described as a preferred mode of learning, allowed team members to observe and reflect upon own actions and other's actions, thus allowing them to become actively involved in self-directed learning. Informal learning at individual level facilitated both task-specific and human factors learning. Training and learning initiatives identified in the investigated air traffic control organisation supported self-directed learning theories and practices. Self-directed learning was described by participants as a means to ensure compliance with individual and team competence/ performance requirements. Workplace performances in turn served as a self-directed learning input.
Collectively, the results suggest that self-directed team learning offered opportunities for individuals and teams to influExploring the Impact of Self-directed Team Learning 139 A further understanding and appreciation of how these air traffic control teams sustained continued learning in the workplace was also probed. This inquiry uncovered continued learning expectations, environments, strategies, and benefits. For instance, formal air traffic control continuation training activities were noted in terms of contributions to continued aided learning and situational awareness in support of air traffic control knowledge, skills and attitudes. Furthermore, continuation training was managed generally in a formal/intentional manner, while informal continuation training practices and associated impact were less obvious.
We conclude that self-directed learning within the air traffic control teams had an impact on air traffic control operational outcomes, thus contributing towards a critical air traffic control goal -aviation safety. Findings of this study may encourage awareness from air traffic control service providers to stimulate, implement, manage and evaluate self-directed team learning within teams. Such self-directed team learning may also contribute towards improved teamwork and team performances. Again, a need may be identified to monitor and evaluate teamwork and team performances as a result of self-directed team learning investments. A self-directed team learning approach may thus contribute to aviation safety within the air traffic control community of practice.
